This study was aimed at investigating the effects of 4-vinylcyclohexene diepoxide (VCD) on testicular tissue in dogs. For this purpose, 30 mongrel male dogs were used and allocated to 5 groups randomly. The first group (n = 6), used as the control, was administered sesame oil by the intraperitoneal route (i/p). The VCD was administered i/p at doses of 80, 160, 240, 320 mg/kg to the second, third, fourth and the fifth groups (n = 6), respectively, once a day for 8 days. The dogs were surgically castrated on the day after the last VCD injection. The testes were removed immediately and fixed in 10% bouine solution. The testes were subjected to routine tissue processing and examined to determine the testicular damage in each testis. When compared to the control group, it was seen that the seminiferous tubule damage increased significantly in the treatment groups. Malondialdehyde levels reached the highest level in the fifth group, while superoxide dismutase, catalase, glutathione peroxidase activity and glutathione levels were higher in the control group (P<0.0001). Nosignificant difference was detected when all the groups were compared with respect to AST, ALT and GGT activities before and after the treatment (P>0.05). Our results showed that VCD may contribute to the sterilization of male dogs.
Introduction
Nowadays, dogs are widely used in various fields. These animals are raised in cities for leisure purposes, whereas they are raised as sheep dogs in the countryside. In addition, they are used by hunters, police and military forces for different aims. However, unwanted behaviors seen in these animals overshadow their benefits. Moreover, another important problem is that dogs produce large number of puppies. Owners who have difficulties taking care of all the puppies choose to release them onto the streets. This situation *Corresponding author: Assist. Prof. Zahid Paksoy, Veterinary Sciences, Kelkit Aydin Dogan Vocational, Gümüshane University, 29100, Gümüshane, Turkey, E-mail: paksoyland@yahoo.com DOI: 10.24099/vet.arhiv.0101 Z. Methods. The dogs were randomly separated into 5 groups. Each group consisted of 6 dogs. First of all, blood was taken from the dogs and serum samples were obtained and stored at -20 °C in a deep freezer. The animals in the first group (n = 6) were used as controls and 2 mL of sesame oil was given daily for 8 days by the intraperitoneal (i.p.) route. Sesame oil + VCD was administered via i/p to the animals in the treatment groups: daily doses of 80 mg/kg VCD for the dogs in the second group (n = 6), 160 mg/kg to the third group (n = 6), 240 mg/kg to the fourth group (n = 6), and 320 mg/ kg to the fifth group, were administered for 8 days via i/p application. Previous studies were considered to determine the route and time of administration of the VCD dose in animals (DEVINE et al., 2001; HOOSER et al., 1995; MAYER et al., 2002; MAYER et al., 2004; SAHAMBI et al., 2008) . The VCD was given to the animals under sedation through a median line. Blood was taken from the animals and serum was obtained one day after the last injection, and stored at -20 °C. Furthermore, the castration surgery was also performed after the last VCD application, and the testicles were removed. One of the testicles was placed into a 10% bouine solution for histopathological research, and the other one was kept at -80 °C for biochemical analysis.
Histopathological analysis. The testes were removed immediately, fixed in 10% bouine solution for 24-48 hours, and then processed to obtain paraffin blocks. Paraffinembedded blocks were routinely processed: 5-µm thick sections were stained with hematoxylin-eosin and examined under a microscope, and 10 randomly selected tubules were examined under 20× magnification. They were assessed histopathologically using Johnsen's mean testicular biopsy score (MTBS) criteria (JOHNSEN, 1970) . A score of 0-10 was given to each tubule according to epithelial maturation.
Immunohistochemical analysis. After deparaffinization, the slides were immersed in antigen retrieval solution (pH 6.0) and heated in a microwave for 15 minutes to unmask the antigens. The sections were then dipped in 3% H 2 O 2 for 10 minutes to block the endogenous peroxidase. The sections were incubated at room temperature with polyclonal rabbit 8-OhDG antibody (cat. no. ab62623, dilution 1/200; Abcam, UK). An expose mouse and rabbit specific HRP/DAB detection IHC kit was used as follows: the sections were incubated with goat anti-mouse antibody, then with streptavidin peroxidase, and finally with 3,3′ diaminobenzidine + chromogen. Slides were counterstained with hematoxylin. Then 10 randomly selected tubules were examined under 20 × magnifications. Immunoreactivity in the sections was graded as 0 (none), 1 (mild), 2 (moderate), 3 (severe) and 4 (very severe).
Biochemical analysis. Isolated testicular tissues were homogenized in a homogenizer using a buffer of 1.15% KCl to obtain a 1:10 (w/v) homogenate. According to the method of PLACER et al. (1966) , the malondialdehyde (MDA) levels in the testes homogenate were measured using thiobarbituric acid reactive substances. The MDA formed created a pink complex with thiobarbituric acid and the absorbance was measured at 532 nm wavelength. The MDA levels of testicular tissue were expressed as nmol/g tissue. Testicular tissue glutathione (GSH) levels were measured by color change at 412 nm, Z. according to the method of SEDLAK and LINDSAY (1968) and expressed as nmol/g of the testicular tissue. Testes catalase (CAT) activity was measured according to the method of AEBI (1987). The decomposition rate of H 2 O 2 by the CAT was spectrophotometrically measured as the amount of change in H 2 O 2 light absorption at 240 nm wavelength, and was expressed as katal/g of protein.
Superoxide dismutase (SOD) activity was measured according to the method of SUN et al. (1988) . The SOD enzyme activity measurement was based on the nitroblue tetrazolium (NBT) degradation by the superoxide radical, which was produced with the xanthine-xanthine oxidase system and formazan; its creation was measured at 560 nm wavelength and was expressed as U/g protein. The glutathione peroxidase (GPx) activity in the testicular tissue was measured according to the method of LAWRENCE and BURK (1976) and was expressed as U/g of protein.
Protein concentration was measured according to the method of LOWRY et al. (1951) .
The alanine aminotransferase (ALT), aspartate aminotransferase (AST) and gamma glutamyl transferase (GGT) activities were measured using an automatic biochemistry analyzer (BS-120, Mindray, China).
Statistical analysis. All statistical analyses were carried out using Graphpad Prism (GraphPad Software, version 6.0). All data were presented as mean (±) standard error mean (S.E.M.). The differences in the measured parameters between the five groups were analyzed with a nonparametric test (Kruskal-Wallis). Dual comparisons between the groups exhibiting significant values were evaluated with a Mann-Whitney U-test (P<0.05). The AST, ALT, and GGT values of pre-treatment and post-treatment were compared by means of the Wilcoxon test.
Results

Histopathologic findings.
It was observed that seminiferous tubules in the control group had normal structure (Fig 1a) . Depending on the increase in the dose, deterioration was observed in the structure of spermatogenic cells in the testicles of the animals among the VCD treated animals in the 2 nd , 3 rd , 4 th , and 5 th groups and an increase in the necrotic and degenerative changes in the seminiferous tubules through shedding (Figs 1b, 1c, 1d, 1e,  Table 1 ). Immunohistochemical findings. The expression of 8-OhDG, used as a marker to determine DNA destruction, slightly increased in the two samples in the control group (Figure 2a) . Expression of the 8-OhDG was observed as moderate in the 2 nd and 3 rd group, as severe in the 4 th group, and as very severe in the 5 th group (Figs 2b, 2c , 2d, 2e, Table  1 ), respectively.
Biochemical findings. The MDA levels of testicle homogenates were compared and it was observed that the differences between the groups were significant (P<0.0001). Then, when the control group and the treatment groups were compared dually, it was identified that MDA levels in the 2 nd group (P<0.05), 3 rd , 4 th , and 5 th groups (P<0.01) increased significantly, and the greatest increase occurred in the 5 th group (Fig. 3) . When the SOD, CAT, GSH, and GPX levels in the testicular tissues are compared between the groups, it was seen that the differences were very significant (P<0.0001). After that, the control group and the treatment groups were compared dually. The SOD, CAT, GSH, and GPx levels of the dogs in the control group were found to be very significant when compared to the treatment groups (P<0.01), (Figs 4, 5, 6, 7). ALT, AST, and GGT enzyme levels in the blood serum were compared having been collected pre-and post-treatment. The first and second blood samples taken from the Z. Paksoy et al.: 4-vinylcyclohexene diepoxide and testes same animals were compared using the Wilcoxon test. When the pre-and post-treatment values in the all groups were compared, no significant difference was identified in the levels of ALT, AST, and GGT (P>0.05) ( Table 2) . 
Discussion
The aim of this study was to evaluate the effects of VCD treatment on dog testes. VCD was used for the first time in male dogs in this study. Our findings show that reproduction can be controlled by VCD treatment.
Nowadays, the most common way to prevent unwanted mating in male dogs is surgical castration. However, very serious complications may occur after this operation, and even death. Moreover, not all animal owners can afford this operation because of the high cost. As a result of this situation, studies of non-surgical sterilization methods are being increasingly conducted (KALKAN and ALAÇAM, 1999; ALAÇAM, 1999; SALHAB et al., 1999; FAIL et al., 2000; EILTS, 2002; YODER and MILLER, 2010) . Among these methods, chemical castration is gaining importance. At this point, VCD is a well-known agent (KAO et al., 1999; MAYER et al., 2002; KODAMA et al., 2009) . Recent studies have focused on the effects of VCD on ovarian follicles (ABOLAJI et al. 2016b) . Within the literature review, two studies were found about usage of VCD in female dogs. In one of these studies (MIERS et al., 2005) , the researchers administered 80, 160, or 240 mg/kg of VCD to puppies for 6 days, and after 30 days they performed ovariohysterectomy. They found that all the doses of VCD in puppies caused a significant decrease in the number of primordial follicles. In the other study (PAKSOY, 2012) , VCE, which is another metabolite of the VCH, was applied once in a dose of 160 mg/kg. After this administration, it was identified that there was a significant decrease in the number of Z. Paksoy et al.: 4-vinylcyclohexene diepoxide and testes primordial and primary follicles. This situation shows that the metabolites of VCH also have ovotoxic effect in the dogs. In this study, sperm count decreased dramatically with the 80 and 160 mg/kg dose, remarkable degeneration formed in the seminiferous tubules with the 240 mg/kg dose, and necrotic changes were observed with the administration of a 320 mg/kg dose of VCD. These outcomes are indicators of oxidative damage caused by the VCD in the testicles. The gonad tissue in the males was specifically affected just as in the females.
The MDA is a product which arises from lipid peroxidation and an indicator of oxidative stress (DEL RIO et al., 2005) . In this study, testicular MDA levels increased remarkably after the VCD injection. Oxidative stress increased and degeneration might have occurred as a result of this increase in the seminiferous tubules. Anti-oxidant enzymes such as SOD, CAT, GSH and GPx protect the tissues by means of different mechanisms and prevent the occurrence of damage (MATES, 2000) . In the present study, the level of these enzymes in the male dogs given VCD decreased significantly compared to the control group. This decrease became more severe, especially with higher doses of VCD treatment. This situation may be one of the causes of testicular damage. On the one hand the MDA amount increased, on the other hand anti-oxidant enzyme levels decreased; and as a result of this imbalance, oxidative stress may occur. This situation might be the reason for the damage in the testicles. Giving an anti-oxidant agent, such as sesame oil, to dogs might be another reason for this difference in the control group (AHMAD et al., 2006) . ALT and AST are enzymes which are abundant in the liver. They are found in low amounts in the blood under normal conditions. They pass into the blood in large amounts when liver damage occurs. These enzymes are used in liver function tests for this reason (HUANG et al., 2006) . The GGT enzyme is found in the whole body, but it is especially localized in the kidneys and livers. This enzyme, which is found in the plasma membrane, helps GSH synthesis and contributes to the anti-oxidant defense mechanism. At the same time, it is used widely in the diagnosis of liver diseases as a marker (LEE et al., 2004) . In a study conducted on rats (ABOLAJI et al., 2016a) , VCD was administered to animals orally for 28 days, in 3 different doses (100, 250, or 500 mg/kg/day). At the end of the study, the AST levels in the male rats treated with a dose of 250 mg increased significantly, as did the ALT levels in those treated with doses of 100 and 500 mg, and the GGT levels in those receiving 250 and 500 mg doses of VCD. Contrary to this study, there was no significant difference between the control group and the treatment groups in our study. This situation, ABOLAJI et al. (2016a) might have been caused by the long term VCD administration. Due to the oral administration, the VCD was absorbed by the intestines and transfused to the blood stream through the liver. This transfusion might have caused a change in the liver enzyme levels.
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There are a few studies which have tested the effects of VCD on the testicles (CHHABRA et al., 1990; HOOSER et al., 1995; ADEDARA et al., 2017) . In a study carried out by HOOSER et al. (1995) , they examined the effects of VCD on the testicles of male mice. The researchers administered a 320 mg/kg dose of VCD to mice for 5, 10, 15, 20, 25, and 30 days. Especially after the 20 th day, they reported intense germ cell loss. In a study conducted on rats and mice by CHHABRA et al, (1990) , VCD was administered by the dermal and oral routes for 13 weeks. It was reported that damage in the testicles and ovaries occurred in the mice which received VCD orally , but this injury did not take place in the rats. In another study by ADEDARA et al. (2017) , it was reported that toxic effects and inflammation were seen with VCD administration. They also stated that caspase-3 and caspase-9 expression increased in the immunohistochemical analysis which might cause apoptosis. In the present study, testicular damage was seen in all the dogs that were given VCD. The greatest loss took place especially in the group given 320 mg/kg VCD. In the immunohistochemical analysis conducted, while 8-OhDG was expressed mildly in the control group, it was expressed at a moderate level in the 2 nd and 3 rd groups, a severe level in the 4 th group, and very severe in the 5 th group. The expression of this gene indicates the oxidative damage and stress in the testicle. Our results are in accordance with the studies mentioned above and the VCD caused toxic effects on the germ cells in testes of the dogs.
As a result, this study identified that VCD causes germ cell damage, depending on the dose, in the seminiferous tubules in male dogs. The occurrence of no negative effects on the liver enzymes shows that VCD specifically affects the gonadal tissue. When these results were considered, it was concluded that VCD may contribute to the chemical sterilization of male dogs. Furthermore, the effects of this chemical on other organs and tissues should be studied in further studies in more detail.
_______
